Abstract. Matrix metalloproteinase 9 (MMP-9) is a risk factor for cardiovascular events. The serum MMP-9 levels were measured before and 2 weeks after treatment with infliximab (3 mg/kg) in 12 rheumatoid arthritis (RA) patients. The serum average MMP-9 level was 238.5 ng/ml before treatment with infliximab in RA patients (normal range: less than 43.8 ng/ml). Infliximab reduced the serum average MMP-9 level significantly (161.66 ng/ml, P = 0.0425). The serum MMP-9 level was high in the RA patients with active disease, and it was reduced by infliximab independently of the reduction in disease activity. Thus, infliximab may reduce the risk of cardiovascular events directly.
Rheumatoid arthritis (RA) is a systemic autoimmune disease mainly presenting as joint destruction. RA patients have a higher risk of developing atherosclerosis and show higher rates of cerebral infarction and cardiovascular events, in comparison to healthy individuals. The incidence of coronary artery disease in RA patients has been reported to be four times higher than in the general population. Therefore, it is important to examine risk factors associated with the development of cardiovascular events.
Matrix metalloproteinase 9 (MMP-9) is an enzyme that degrades components of the extracellular matrix, such as type IV collagen, fibronectin, and vitronectin, and is an inflammatory mediator involved in the development of cardiovascular events (1) . Macrophages infiltrate into the coronary artery plaques and strongly express MMP-9. MMP-9 acts on the fibrous membrane of coronary artery plaques to induce plaque disruption, thereby being directly involved in the development of cardiovascular events (1) . The serum MMP-9 level is higher in patients with coronary artery disease and is a risk factor of cardiovascular events (2) .
The expression of MMPs, such as MMP-3 and MMP-9, is increased in the synovium of RA patients, and the levels of MMPs in their serum and synovial fluid are higher than in normal subjects (3) . MMPs are involved in bone and cartilage destruction in RA. In particular, the serum MMP-3 levels have been shown to correlate with the degree of synovitis, and the serum MMP-3 level is also used as a marker of synovitis. On the other hand, the role of MMP-9 in RA remains unclear.
In this study, we measured the serum MMP-9 level in RA patients and analyzed the effects of an anti-TNF-α antibody, infliximab, on the serum MMP-9 level.
The subjects included 12 RA patients who had received infliximab therapy in the Department of Internal Medicine (I), Osaka Medical College, between September 2006 and September 2009. Written informed consent was obtained from all subjects. The study conformed to the Declaration of Helsinki. Patient anonymity was maintained during data collection, and the security of personal information was strictly controlled. Infliximab was administered at a dose of 3 mg/kg on weeks 0, 2, and 6 and then at 8- (4). MMP-3 was measured by latex turbiimetric immunoassay (Daiichi Fine Chemical, Toyama). The cut-off values for MMP-3 were 121.0 ng/ml for males and 59.7 ng/ml for females.
The serum MMP-9 levels were measured before and 2 weeks after infliximab therapy. The MMP-9 levels were measured using an MMP-9 activity assay kit (Amersham Bioscience, Piscataway, NJ, USA), as described previously (5). Briefly, 32-fold dilutions of sera were added to the wells of a 96-well plate coated with an anti-MMP-9 antibody. After washing, p-aminophenylmercuric acetate was added to the wells, as the substrate for MMP-9 and its metabolite was detected at 405 nm.
Wilcoxon's rank sum test was used to assess the serum MMP-9 levels before and 2 weeks after infliximab treatment. Spearman's rank correlation was used to assess the association between markers of RA disease activity (DAS28-CRP, CRP, ESR, MMP-3, and RF) vs. serum MMP-9 levels. Statistical calculations were performed with the JMP, version 8.0 software package (SAS Institute, Cary, NC, USA).
The patient profiles are shown in Table 1 . Of the 12 patients, 8 were female and 4 were male with a mean age of 58.0 years (range, 37 -77 years). The RA stage classification revealed 2 patients with stage I of the disease, 4 with stage II, 4 with stage III, and 2 with stage IV. For the RA classes, 3 patients were in class 1, 7 in class 2, and 2 in class 3. The mean disease duration was 42.6 months (range, 9 -120 months). The mean doses of MTX and PSL were 7.5 mg/week and 4.2 mg/day, respectively. The doses of MTX and PSL were not changed during the first two weeks of infliximab administration. Smoking history, body mass index (BMI) greater than 25 (kg/m 2 ), high-normal blood pressure, and grade I hypertension were observed in one, two, one, and three patients, respectively. Hyperlipidemia was observed in two patients. Diabetes mellitus was not detected in any patients. In cardiovascular risk stratification, nine patients were classified as no additive risk, two patients as low risk, and one patient as moderate risk.
The mean DAS28-CRP, RF, CRP, ESR, and serum MMP-3 levels before infliximab therapy were 4.63 ± 0.18, 181.4 ± 76.0 IU/ml, 2.34 ± 0.52 mg/dl, 39.9 ± 7.50 mm/h, and 199.4 ± 39.8 ng/ml, respectively. DAS28-CRP, RF, CRP, ESR, and serum MMP-3 levels were significantly reduced after infliximab therapy (P = 0.0005, 0.002, 0.0005, 0.0112, and 0.0005, respectively). The mean serum MMP-9 levels before infliximab therapy were high, at 238.5 ± 25.7 ng/ml (range, 96.51 -390.34 ng/ml; normal level, less than 43.8 ng/ml). The serum MMP-9 levels after treatment were significantly (P = 0.0425) lower than before treatment, at 161.7 ± 25.2 ng/ml as shown in Fig. 1 .
The correlations between the changes in the serum MMP-3/MMP-9 levels (ΔsMMP-3/ΔsMMP-9) and in the disease activity indicators of RA (ΔDAS28-CRP, ΔRF, ΔCRP, ΔESR, and ΔsMMP-3) and ΔsMMP-9 after infliximab therapy are shown in Table 2 . There was no significant correlation between ΔsMMP-9 and the changes in the RA disease activity indicators. In particular, no significant correlation was observed between ΔsMMP-9 and ΔsMMP-3.
Activated macrophages infiltrate the synovial tissue of RA patients and produce inflammatory cytokines such as TNF-α. These inflammatory cytokines act on synovial cells, chondrocytes, and fibroblasts to induce MMP-3 expression (6). In addition, TNF-α acts on macrophages and neutrophils to induce MMP-9 expression (7) . If the main site of MMP-3 and -9 production is the inflamed synovial tissue in RA patients, these MMPs should change in parallel with the disease activity. The present results showed that the change in the serum MMP-3 levels correlated with changes in CRP, but not with the change in the serum MMP-9 levels. This may be due to the fact that these MMPs in RA patients are also produced at sites other than the synovial membrane, or that inflammatory factors other than TNF-α may also regulate the production of these MMPs.
In recent years, atherosclerotic lesions have been described as the inflammation of blood vessels and resemble synovial lesions in RA (8) . In atherosclerotic lesions, inflammatory cells such as macrophages infiltrate the arterial wall and produce large amounts of inflammatory cytokines such as TNF-α (8, 9). Activated macrophages produce MMP-9 (1). Serum MMP-9 levels in patients with coronary artery disease are high and are correlated with the incidence of cardiovascular events (2) . Atherosclerosis is accelerated in RA patients in comparison to healthy subjects due to the effect of underlying diseases and medication. MMP-9 production might also increase in the atherosclerotic lesions in RA patients.
Previous studies have reported that anti-TNF-α therapy inhibits the development of cardiovascular events in RA patients (10) . This inhibition has been ascribed to the improvement of insulin resistance (11), endothelial function (12) , and arterial wall stiffness (13) . Anti-TNF-α blockades are associated with the reduction of carotid intima-media thickness (14) , and the induction of hyperadiponectinemia (15) . The present data suggest that the reduction of serum MMP-9 levels by anti-TNF-α therapy may also help to inhibit the progression of cardiovascular events.
Kulimiuk et al. measured the serum MMP-3 and -9 levels before and after infliximab administration during long-term (64 weeks) follow-up in 9 patients with RA as markers of arthritis, but not as risk factors for cardiovascular events (16) . They reported that both the serum MMP-3 and -9 levels reached a minimum 6 weeks after the start of infliximab administration, but gradually increased thereafter. Concerning the reasons for the increases in these levels that transiently decreased during Fig. 1 . The sMMP-9 levels before and after infliximab therapy. The sMMP-9 levels after treatment were significantly (P = 0.0425) lower than those before treatment. sMMP-9, serum matrix metalloproteinase 9; Before, before infliximab therapy; After, after infliximab therapy. long-term follow-up, the results suggest that anti-infliximab antibody production reduced the effects of infliximab. To maintain the effects of infliximab for a long period and reduce the risk of cardiovascular events, infliximab should be combined with a sufficient volume of immunosuppressive drugs, such as MTX, so that antiinfliximab antibody production may be inhibited. In addition, when the effects of infliximab become impaired, this drug must be switched to other biological preparations to inhibit inflammation in RA patients.
In conclusion, the serum MMP-9 level was high in the RA patients with active disease, and infliximab reduces the serum MMP-9 levels, independently of the reduction of disease activity markers including MMP-3. This may result in preventing the development of cardiovascular events. However, in this work the number of patients studied and the observation period were limited. It will be necessary to accumulate a larger number of patients and to perform long-term observations to confirm this possibility.
